In addition to ascending auditory inputs, the external cortex of the inferior colliculus (ICX) receives prominent somatosensory inputs. To elucidate the extent of interaction between auditory and somatosensory representations at the level of IC, we explored the dual projections from the cochlear nucleus (CN) and the spinal trigeminal nucleus (Sp5) to the inferior colliculus (IC) in the guinea pig, using both retrograde and anterograde tracing techniques. Injections of retrograde tracers into ICX resulted in cell-labeling primarily in the contralateral DCN and pars interpolaris and caudalis of Sp5. 
ICX are broadly tuned to tonal stimuli, and respond more vigorously to spectrally complex stimuli such as vocalizations (Aitkin et al., 1975 (Aitkin et al., , 1978 (Aitkin et al., , 1981 (Aitkin et al., , 1994 Popelar and Syka, 1982; Syka et al., 2000; Suta et al., 2003; Ota et al., 2004) . ICX neurons are further distinguished by their responsiveness to multimodal stimulation (Aitkin et al., 1978 (Aitkin et al., , 1981 . Specifically, acoustically evoked neuronal activity of ICX neurons can be modulated by electrical stimulation of Sp5 (Jain and Shore, 2004; Shore, 2005b) .
The connections and physiology of the ICX have suggested that one function of this region may be to integrate multiple sensory inputs. An anatomical basis is required to fully elucidate the extent of interaction of the auditory and somatosensory representations at the level of IC. However, such information is scarce in the literature. While there is evidence, using retrograde tracing techniques, that Sp5 projects to the IC (Aitkin et al., 1981; Coleman and Clerici, 1987) , only one study, in the hedgehog, documented the terminal distribution of trigeminal endings in the IC (Kunzle, 1998) . That study demonstrated that the terminal projections in the ICX were confined to a restricted band primarily in the ventrolateral IC. Direct projections from the cochlear nucleus (CN) to the IC have been reported across species (Osen, 1972; Ryugo et al., 1981; Cant, 1982; Coleman and Clerici, 1987; Oliver et al., 1997 Oliver et al., , 1999 , but there is no anatomical evidence demonstrating a convergence of auditory and trigeminal pathways in the IC, the prerequisite for its participation in multimodal integration.
In the present study, we explored the dual projections from the CN and the Sp5 to the IC in the guinea pig, using both retrograde and anterograde tracing techniques.
MATERIALS AND METHODS

Animal preparation
Young female guinea pigs (n ϭ 17; weight 250 -350 g) were anesthetized with intramuscular injections of ketamine hydrochloride (Ketaset; 40 mg/kg) and xylazine (Rompun; 10 mg/kg) and placed in a stereotaxic frame (David Kopf, Tujunga, CA) . Rectal temperature was monitored and maintained at 38 Ϯ 0.5°C with a thermostatically controlled heating pad. All procedures were performed in accordance with the NIH Guidelines for the Care and Use of Laboratory Animals and guidelines provided by the University of Michigan (UCUCA).
Retrograde tracing experiments
The present study employed three neural tracers (all diluted in phosphate-buffered saline (PBS), pH 7.4): biotinylated dextran-amine (BDA, MW 10,000, Molecular Probes, Eugene, OR), Fluoro-Ruby (FR, Molecular Probes), and FluoroGold (FG, Fluorochrome, Englewood, CO). These tracers can label either anterograde or retrograde projections with high quality (Shore and Moore, 1998; Vercelli et al., 2000) . Detailed information on injection of tracers is summarized in Table 1 .
Retrograde tracers were injected into the ICX using stereotaxic coordinates (2-3 mm lateral to lateral edge of middle line, 2-3 mm rostral to the anterior edge of the transverse sinus, and 4 -6 mm ventral to the dural surface). Either 5% FR (n ϭ 4) or 10% BDA (n ϭ 1) was injected into IC using a Hamilton microsyringe equipped with a glass micropipette (20 -30 m tip). One animal (subject 062703) received multiple injections of FR in the left IC (CIC and ICX) and injection of FG in the left CN.
Five to eight days after the injections, animals were euthanized with Nembutal (15 mg/kg, i.p.) and transcardially perfused with 100 ml of 0.1 M PBS, followed by 400 ml of 4% paraformaldehyde in PBS. Following perfusionfixation, the brain was isolated and placed in the same fixative for 2 hours at 4°C. The brain was transferred into 30% sucrose in 0.1 M PBS overnight at 4°C. The brainstem and midbrain were then sectioned on a freezing microtome at a thickness of 40 -60 m. The serial sections obtained from each animal were divided into two groups, each consisting of a series of alternate serial sections. Sections were mounted in serial order on clean glass slides and air dried. For FR injections, the first series of the alternate serial sections was dehydrated and coverslipped with Microcover (Micron, Fairfax, VA) and examined under a fluorescent microscope equipped with a digital camera (Leica DML, Leica Microsystems Wetzlar, Germany). The second series of alternate sections was counterstained with neutral red to reconstruct the labeled cells within the brainstem. For visualization of BDA, the following protocol was followed: sections were first incubated for 2 hours in Avidin DH: biotinylated horseradish peroxidase H complex (Vectastain Elite ABC kit, Vector Laboratories, Burlingame, CA), in 0.1 M PBS with 0.1% Triton X-100 (Sigma, St. Louis, MO; 9002-93-1), pH 7.4, then reacted with 3,3 1 -diaminobenzidine tetrahydrochloride (DAB, Vector Laboratories). Slides were counterstained with neutral red, dehydrated, coverslipped, and examined using a lightfield microscope (Leica DML).
The injection site in the IC was defined as a central, bright core and a less bright, surrounding halo (Vercelli et al., 2000) . To reconstruct the injection site in IC, photomicrographs of the counterstained section (or adjacent counterstained section for FR injections) were digitized and imported into Freehand (Macromedia, San Francisco, CA). The IC was drawn on the photomicrograph using a freehand drawing pencil. The photomicrograph of the injection site was digitized, imported to Freehand, and overlapped onto the IC drawing. Finally, the injection area was outlined and merged onto the layer containing the drawing of IC.
Nuclear and subnuclear boundaries in the trigeminal nucleus were determined using the following criteria: The level of the rostral pole of the facial motor nucleus typically corresponds to the boundary between the principle nucleus and the spinal trigeminal nucleus (Sp5); The rostral border of pars interpolaris of Sp5 (Sp5I) generally follows the rostral end of the inferior olivary complex, and its caudal border can be determined by the point where the "displaced" substantia gelatinosa becomes contiguous with the spinal tract (Jacquin et al., 1986 (Jacquin et al., , 1993 Shigenaga et al., 1986) . The templates were drawn from the counterstained slides roughly at 1,000-m intervals extending from the oral region to the caudal region of Sp5. Cells with homogeneous labeling of the cytoplasm, a relatively clear central nuclear zone, and at least one labeled dendrite were identified as retrogradely labeled neurons. Labeled neurons in the trigeminal nuclei were visualized using either light or fluorescent microscopy and mapped onto the templates. Photomicrographs of retrogradely labeled neurons were digitized and imported to Adobe PhotoShop (San Jose, CA) for labeling and contrast adjustment. Cell counting was conducted on both sides of the brainstem except in one animal (062703) that received multiple injections in both left IC and left CN with different tracers. In this animal cell counting was omitted in the ipsilateral CN. Cell counts in both Sp5 and CN were obtained from the first series of the alternate sections, the number of cell counts was multiplied by 2 to achieve the total cell counts, and the data were corrected for double counting errors using Abercrombie's correction (Corrected number ϭ count ϫ (section thickness)/(section thickness ϩ cell height) (Abercrombie, 1946) .
Anterograde tracing experiments
Injections in Sp5. The surgical procedure for injection of anterograde tracers into the Sp5 has been described previously (Zhou and Shore, 2004) . Briefly, the injection pipette was positioned into the Sp5 using stereotaxic coordinates (3 mm lateral to the midline, 2 mm caudal to the posterior edge of transverse sinus, and 10.4 mm ventral to the surface of the dura). One of two tracers (10% BDA, n ϭ 4 or 2% FG, n ϭ 2) was pressure-injected into Sp5 using a Hamilton syringe to a total volume of 0.1-0.3 L. A portion of the data, demonstrating the anterograde projection to CN in one animal, has been published previously (Zhou and Shore, 2004) . After removing the pipette the skin was sutured and the animals were allowed to recover. Five to six days later the animals were euthanized and transcardially perfused with PBS, followed by 4% paraformaldehyde in PBS. The brain was removed from the skull, postfixed for 2-4 hours, and cryoprotected in 30% sucrose overnight. The brainstem and midbrain were then sectioned on a freezing microtome at a thickness of 40 -60 m. Alternate slides were mounted in serial order on clean glass slides and air dried.
Injections in CN.
Injections into the left CN were made to document the terminal distributions of the CN projection to IC in the guinea pig (n ϭ 4). Multiple injections were made along the injection track from the surface of DCN down to the lateral PVCN. Special care was taken to deposit tracers laterally in the CN to avoid the spread of injections to adjacent structures, e.g., the inferior cerebellar peduncle (icp). Sometimes multiple injections resulted in large injection sites, which could fill the whole CN. Detailed microscopic analysis of these large injections indicated that the injection site indeed was restricted to the CN and the icp was not contaminated. Labeled axons of the dorsal/intermediate acoustic striae and the trapezoid body emerged from the injection sites in the DCN and VCN.
Dual injections in both Sp5 and CN. In addition to individual injections in the CN, dual injections with different tracers were made into both CN and Sp5 (n ϭ 2) using the protocol described above.
Tissue processing and reconstruction. Tissue processing and reconstruction of injection sites and anterograde projections generally followed the same procedure as in the retrograde tracing experiments. Photomicrographs of puncta were digitized and imported to either Adobe PhotoShop for contrast adjustment or Freehand for the purpose of reconstruction. Anterograde terminal endings in the IC were drawn onto individual transverse sections of the IC. Each dot represents 1-3 terminal endings. In the study of dual injections in both Sp5 and CN, fluorescent dye (Alexa-488 conjugated with streptavidin in 0.1 M PBS with 0.3% Triton X-100, Molecular Probes) was used to visualize the BDA product for the purpose of double labeling. Sections were first rehydrated in 0.1 M PBS for 10 minutes, followed by incubation for 2 hours with Alexa-488 conjugated streptavidin (1:200). After thoroughly washing in 0.1 M PBS, sections were dehydrated, cleared, and coverslipped using the methods described above. To obtain clear images of the terminal endings, serial photomicrographs were imported to Metamorph (Universal Imaging, Downingtown, PA) to generate a Z-projection of stacks.
Definition of IC subdivisions. The subdivisions of IC were based primarily on cytoarchitectural and topographical criteria (Morest and Oliver, 1984; Faye-Lund and Osen, 1985; Saldana and Merchan, 1992; Oliver, 2005) . The CIC was identified by the centrally localized nucleus containing disc-shaped neurons oriented in parallel arrays. The DCIC, containing predominantly stellate neurons without obvious orientation, covered the dorsal surface of CIC. The ICX, containing a mixture of large and small stellate cells, was localized lateral, ventrolateral, and rostral to the CIC. We adopted the proposed subdivisions and terminology of the ICX but with some modifications (Oliver et al., 1999; Oliver, 2005) . Specifically, the ICX was subdivided into three regions: a) the ventral border region of IC (ICXV), b) the lateral ICX, and c) the rostral ICX. a) The ICXV includes the ventrolateral nucleus (corresponding to layer 3 of the ICX; Oliver, 2005) , the border area below the IC, and the ventromedial edge of CIC (also called the pericentral area; Kunzle, 1993) . No clear morphological boundary was observed between the ventrolateral nucleus and the border area, and neurons in each area had a similar morphology, i.e., they contained mainly large and small stellate cells. The pericentral area was incorporated into the ICXV because, like the other two divisions, it receives somatosensory input (Kunzle, 1993) .
b) The lateral ICX includes the fibrous layer 1 and the small cellular layer 2 with low neuronal density. c) We did not differentiate the structures rostral to the CIC, but referred to them as "rostral ICX" (see Discussion), which contains sparsely packed cells.
RESULTS
Retrograde tracing experiment
Labeled cells in Sp5. Following tracer injections in the IC, retrogradely labeled cells were distributed longitudinally along the rostral-caudal length of the spinal trigeminal nuclei, with more labeling on the contralateral side. The most dense concentrations of labeled cells were in the pars interpolaris (Sp5I) and pars caudalis (Sp5C, Fig. 1E-I, 2 ). There was a tendency for the retrogradely labeled neurons to be distributed preferentially along the lateral (i.e., marginal) and/or dorsal region of Sp5I. However, cell-labeling in the regions of the ventral and/or medial region was also evident. The labeled cells in Sp5C were found primarily in the deep layer (subnucleus magnocellularis) and marginal layer (subnucleus marginalis), with few in the layer of subnucleus gelationsus (Fig. 1H-I ). The projection neurons in Sp5 had either polygonal somata, ranging in diameter from 12 ϫ 14 m to 24 ϫ 32 m, which were found in the medial region of Sp5 (Fig.  3A) , or elongated somata, ranging from 19 ϫ 30 m to 13 ϫ 48 m, which usually were found in the marginal region of Sp5I and Sp5C (Fig. 3B) . In addition, retrogradely labeled cells were found in other areas within the medulla, including the reticular formation and dorsal column nuclei (Fig. 1) .
Labeled cells in CN. Following tracer injections in the IC, projection neurons were found in both the dorsal and ventral divisions of CN (DCN and VCN), with more labeling on the contralateral side (Fig. 1B-D, 2) . When injections were restricted to the ICX, all or most of the labeled cells were found in DCN and few were in the PVCN (Table  2 ; subjects 041805, 041504, and 062404). The projection cells in DCN were either fusiform cells (located in the 
Anterograde experiments
Injections into Sp5. Data analysis was based on two animals in which the injections were limited to the Sp5 without diffusion to the adjacent areas and four animals where the injection sites displayed some diffusion to the inferior cerebellar peduncle (icp). In the two animals that received restricted injections in the Sp5 the injections were primarily centered in the Sp5I, with little spread to the Sp5C. In the other four animals the injection sites were located in either Sp5I (n ϭ 2) or Sp5I/Sp5C (n ϭ 2). The distribution pattern of anterograde projections to the IC observed in all of these experiments was identical, indicating that 1) the icp does not participate in this projection, and 2) the projection pathway from the Sp5C to the IC is similar to that from the Sp5I to the IC. Furthermore, the number of labeled terminal endings in the ICX was closely related to the amount of tracer deposited in the Sp5, but not with that of tracer that diffused into the icp. No labeled terminals were seen in the ICs of the animals with restricted icp injections, and there were no labeled cells in icp after IC retrograde injections. Thus, we are confident that there was no contamination uptake of injected tracer from "fibers of passage" and that the anterograde projection to ICX observed in the present study originated in the trigeminal nuclei. In addition, small injections around the medial border of Sp5I (n ϭ 1) or ventral area of the caudal part of Sp5C (n ϭ 3) did not result in anterograde labeling in IC (data not shown).
Anterograde projections from Sp5 to IC were more prevalent on the contralateral side (Fig. 4) . Most labeled fibers crossed the midline, ascended with the lateral lemniscus, and entered the IC ventrally (Fig. 4A-D) . Some labeled Sp5 fibers did not cross the midline and directly ascended to the ipsilateral IC. Within the IC, most labeled fibers continued laterally and dorsally to the lateral ICX and gave rise to puncta or terminal endings (Fig. 4E-I,J-N) . Some fibers ran medially along the ventral edge of CIC and formed terminal endings. The majority of the Sp5 terminations were in the ICXV (see Materials and Methods for IC classification) and were distributed nonhomogenously along a ventromedial to dorsolateral axis (Fig. 
4F,G,K)
. Some labeled terminal endings were also found at the rostral end of ICX (Fig. 4E,J) .
Labeled fibers in the IC were of small to medium thickness (0.6 -1.8 m) (Fig. 5A,B) , and labeled terminal endings were en passant or small terminal boutons (0.8 -4 m) (Fig. 5B-D) . The labeled terminals appeared to make contact with either small cells (ϳ4 m in diameter, Fig.  5C ) or large multipolar or round cells (ϳ14 m in diameter, Fig. 5D ).
Injections into CN. Injections of tracers into the CN resulted in anterograde labeling of projection fibers to the IC, with more labeling on the contralateral side (Fig. 6) . The labeled fibers converged with either the trapezoid body or dorsal/intermediate acoustic striae, ascended primarily in the contralateral lateral lemniscus, and entered in the IC.
Following multiple injections in the DCN and VCN, in most cases labeled CN terminal endings were found in both the CIC and ICX (including ICXV, Figs. 6 -8) . In one animal, in which the injections were restricted to the ventrolateral DCN and lateral PVCN, most of the labeled terminals were found in the contralateral IC primarily in the ICXV, lateral CIC, lateral and rostral ICX (Fig. 6 ). Labeled CN terminal endings of projection fibers from the CN to the ICXV were either of "en passant" type or small terminal boutons. No morphological differences were observed between the terminal endings in ICX and lateral CIC. A similar, but less intense, distribution pattern was observed in the ipsilateral IC. Little anterograde labeling was found in the DCIC.
Convergence of Sp5 and CN projections. The major area of convergence of terminals from Sp5 and CN was the ICXV. Labeled terminal endings of projection fibers from the CN to this region were either of en passant type or small terminal boutons (0.8 -3.2 m in diameter, Fig. 6B ). Overlap of the Sp5 and CN terminations was determined by superimposing drawings of Sp5 anterograde projections in IC with drawings of CN anterograde projections in IC (Fig. 7) . Most of the convergence from the two systems occurred in the ICXV (Fig. 7C,D, triangles) . Some convergence was found in the lateral ICX (Fig. 7C,D) and rostral ICX (Fig. 7A,B) .
Dual injections in both CN and Sp5
Five animals received dual injections of anterograde tracers in both CN and Sp5. In two of these animals the injection sites were restricted to the CN and the Sp5. These data are presented below. In the other three animals some spread to adjacent structures was evident. The data are not presented here other than to state that the results from these animals were generally consistent with those having restricted injections. The distribution of anterograde projections from the animals with CN and Sp5 injections was consistent with the corresponding distributions from animals with individual injections in either CN or Sp5.
Terminal distributions from the CN and Sp5 showed strong convergence in the ICXV (Fig. 8, filled triangle) , and weaker convergence in the rostral ICX. In the ICXV where concentrated puncta from Sp5 were found, there were also numerous labeled terminal endings from the CN (Figs. 8, 9 ). The aggregated terminal endings of projection fibers from CN and Sp5 had similar morphological appearances. Both had small to medium-size fibers (0.5-2 m), with terminal endings of either en passant or small terminal bouton types, with a size of 1-3 m (Fig. 9 ). 
DISCUSSION
This is the first study to delineate the convergence of projections from Sp5 and CN in the IC. Neurons originating in Sp5C and Sp5I projected to IC in a restricted laminar pattern, terminating in the ICXV, lateral and rostral ICX. Neurons originating in CN also terminated in these regions. The most dense overlap of Sp5 and CN projections occurred in the ICXV.
In addition to morphological differences between the ICXV and lateral ICX, there was a major difference between the sources of their auditory inputs. The ICXV receives ascending auditory projections from CN or superior olive complex (Oliver et al., 1999; Loftus et al., 2004; Oliver, 2005) , whereas the lateral ICX receives auditory inputs primarily from the CIC (Morest and Oliver, 1984; Saldana and Merchan, 1992) . The ICXV is also a region shown to drive the olivo-cochlear system (Groff and Liberman, 2003) , and is dominated by units that respond selectively to certain directions or rates of frequency modulation (FM) in bats (Gordon and O'Neill, 1998; Gordon and O'Neill, 2000) . Structures rostral to the CIC include several subdivisions (Morest and Oliver, 1984) , but are poorly understood. Since many of them receive somatosensory projections (Wiberg et al., 1987; Paloff and Usunoff, 1992; Kunzle, 1993) , we referred to these rostral structures simply as "rostral ICX."
Projections from Sp5 to ICX
Consistent with previous studies in other species (Aitkin et al., 1981; Coleman and Clerici, 1987; Li and Mizuno, 1997; Kunzle, 1998) , injections of retrograde tracers into the IC resulted in labeled cells in several areas throughout the medulla, including the Sp5, dorsal column nuclei, and reticular formation.
Retrogradely labeled cells in the Sp5I varied in size and shape, with a tendency to be aggregated in the dorsomedial and marginal areas, consistent with previous descriptions of this nonlaminated structure (Darian-Smith, 1973; Usunoff et al., 1997) . The Sp5C, in contrast, is a laminated structure: 1) the outermost subnucleus marginalis, 2) the intermediate subnucleus gelatinosus, and 3) the medial subnucleus magnocellularis (Darian-Smith, 1973) . The majority of retrogradely labeled cells in the Sp5C in the present study were located in either the subnucleus marginalis or the subnucleus magnocellularis, whereas only a few were in the subnucleus gelatinosus. The paucity of labeled cells in the subnucleus gelatinosus indicates that the small gelatinosa cells do not project to the IC, consistent with the view that the majority of gelatinosa cells project within the trigeminal system, terminating on other cells in the Sp5C, and cells in the rostral structures, including Sp5I, Sp5O, and the main sensory nucleus (Darian-Smith, 1973) .
The variation in size and shape of the labeled neurons in Sp5 might reflect the functional and morphological complexity of Sp5. In addition to their involvement in the modulation of pain (Hayashi et al., 1984; Usunoff et al., 1997) , all three subdivisions of the Sp5 receive lowthreshold non-nociceptive afferents from head and face, such as those sensitive to gentle pressure and vibrissa deflection (Hayashi et al., 1984; Jacquin et al., 1986 Jacquin et al., , 1988 Jacquin et al., , 1993 . The dorsomedial and marginal areas of the Sp5I and the deep and marginal layers of Sp5C were the predominant locations of retrogradely labeled cells in this study. These regions receive inputs from vocal tract/intra oral structures including the temporomandibular joint and tongue muscles, etc. (Romfh et al., 1979; Jacquin et al., 1986 Jacquin et al., , 1988 Capra, 1987; Nazruddin et al., 1989; Takemura et al., 1991; Suemune et al., 1992) .
The Sp5 terminal endings in the ICX formed a laminar pattern from ventromedial to dorsolateral that is consistent with that observed in an earlier tract-tracing study in the hedgehog (Kunzle, 1998) . The terminal endings in the ICX differed from those seen in CN (Zhou and Shore, 2004) . The labeled terminal endings in CN were of three major types: large irregular swellings (or mossy fiber), en passant/small terminal boutons, and terminal clusters, whereas only terminal bouton/en passant endings were observed in ICX. It is possible that the mossy fiber endings observed in the CN originate from a different group of neurons in Sp5.
The laminar pattern of the Sp5 projection to the IC is similar to that arising in the dorsal column nuclei and the spinal cord (Paloff and Usunoff, 1992; Kunzle, 1993) . Also consistent with projections to the pericentral region from dorsal column nuclei (Kunzle, 1993) , the present study showed Sp5 projections to the ventromedial edge of the IC, which forms part of the pericentral region.
Projections from CN to ICX
Both the retrograde and anterograde tract-tracing experiments support the notion that the major CN inputs to the ICX originate in the DCN (Aitkin et al., 1981; Ryugo et al., 1981; Oliver, 1984; Coleman and Clerici, 1987) . Following multiple injections in the DCN and VCN, terminal endings could be found in the ICXV, lateral ICX, as well as the rostral ICX. The ICXV is the region receiving the most dense projections from Sp5. In agreement with earlier findings (Oliver, 1984; Willard and Martin, 1983; Thompson, 1998) , CN terminations in the ICX were en passant or small terminal boutons.
Convergence of CN and Sp5 projections to the IC
The ICX receives a broad spectrum of somatosensory inputs from Sp5 (Coleman and Clerici, 1987; Kunzle, 1998; present study) , spinal cord and dorsal column nuclei (Aitkin, 1978; Morest and Oliver, 1984; Coleman and Clerici, 1987; Paloff and Usunoff, 1992; Kunzle, 1993) . In addition to auditory inputs from the CN (Ryugo et al., 1981; Aitkin et al., 1981; Oliver, 1984; Coleman and Clerici, 1987; Oliver et al., 1999) , the ICX receives input from the lateral superior olive (Loftus et al., 2004) , CIC (Saldana and Merchan, 1992) , and auditory cortex (Bajo and Moore, 2005) . The ICX is therefore ideally situated for multimodal integration (Aitkin et al., 1978 (Aitkin et al., , 1981 Paloff and Usunoff, 1992; Malmierca et al., 2002) . Since the ICXV is a region receiving auditory inputs primarily from ascending auditory pathways, it can be considered a primary region of ICX for processing multisensory information. The overlap of terminal endings in the ICXV from both CN and Sp5 provides the first anatomical substrate for multimodal integration in this region of ICX.
Neurons in the ICX (including ICXV) respond to both acoustic and tactile stimuli (Aitkin et al., 1978 (Aitkin et al., , 1981 . In some ICX neurons Sp5 stimulation can modulate sound-evoked responses in ICX neurons, even when Sp5 stimulation alone does not evoke responses (Jain and Shore, 2004; Shore, 2005b) . This suppression of soundevoked activity by somatosensory stimulation is also evident in neurons of the ectosylvian cortex (Dehner et al., 2004) , and the DCN (Shore, 2005a) , the latter projecting to the ICX. Multimodal integration in the ICX may therefore play a role in the cancellation of selfgenerated sounds. Sounds associated with chewing, vocalization, and respiration may be suppressed by the concurrent activity from the somatosensory system, which likely originates in the proprioceptive afferents or broad dynamic range mechanoceptors in deep tissues.
Studies in monkeys support the hypothesis that the ICXV plays a role in the suppression of self-generated vocalizations. Neurons in the ICXV show a differential response to the vocalizations of other monkeys versus self-produced vocalizations: External vocalizations produce a vigorous response, while self-produced vocalizations suppress the responses in these neurons (Tammer et al., 2004) . Anatomical evidence also supports this hypothesis, since the dorsomedial and marginal subdivisions of Sp5I and Sp5C receive somatosensory inputs from vocal structures and, in turn, project to the ICXV (Romfh et al., 1979; Capra, 1987; Nazruddin et al., 1989; Takemura et al., 1991; Suemune et al., 1992) . 
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